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SUBONIT P^>APILLOMAVTRUS VACCINE AND PEPTIDES FOR USE THEREIN 

THISS INVENTION relates to a subunit 
papillomavirus s vaccine which is protective against 
5 anogenital huuman papillomavirus (HPV) infection. The 
invention alsco includes within its scope peptides which 
constitute an ; antigenic component of the vaccine. 

It iis well known (e.g. in "Papilloma Viruses 
and Human Canccer" edited by H. Pfister and published by 

10 CRC Press Incc. in 1990) that papilloma viruses can be 
classified intto several distinct croups based on the host 
in which they infect. Human papilloma viruses (HPV) can 
be further diif f erentiated into types 1-56 depending on 
DNA sequence homology. Types 16, 18 and 42 are 

15 associated witth the majority of in situ and invasive 
carcinomas whidch may occur in the anogenital tract and in 
particular thee cervix. In this regard, a number of 
cervical intraa epithelial neoplasias and carcinomas of 
the cervix ha^ve been associated with HPV16 and HPV18. 

20 (Lancaster et . al 1987: Cancer Metast. Rev, 6^ 653 and 
Pfister 1987. Adv. Cancer Res £8 113). These same two 
references alsso point out that papilloma viruses are 
small DNA virruses encoding up to 8 early and 2 late 
genes . 

25 The : protein from the expression of the early 

gene E7 variees between 93 to 127 amino acid residues. 
The E7 proteiin is the most abundant viral protein in 
HPV15 containiing CaSki and SiHa squamous carcinoma cell 
, lines and in i HPV18 containing HeLa and C4-1 lines. 

30 (Seedorf et alL. 1987. EMBO J. ±, 139). DNA transfection 
experiments imjnplicate the E6 and E7 ORF proteins in in 
vitro transf orrmation of mouse fibroblasts (Yasumoto et 
al. 1986. J. Virol, 57, 572), rat epithelial cells 
(Matlashewski < et al. 1987. EMBO J.jB, 1741) and primary 

35 human keratinoocytes (Schlegel et al. 1988, EMBO J. 2^ 
3181; Pirisi et al. 1987. J. Virol. 6^, 1061). 
Cooperation wiith an active ras oncogene leads to full 
transformation I (Matlashewski et al. 1987. EMBO J. 6^, 
1741) and theree is a requirement for continued expression 
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of the E7 genae to maintain the transformed phenotype 
(Crook et al. 11989. EMBO J. 8, 513). The E7 protein may 
be recognised by the immune system, since anti E7 
antibodies can J be detected in the serum of approximately 
20% of patientss with HPV16 associated cervical lesions 
(Jenison et all. 1988. J. Virol. 62, 2115; Jochmus- 
Kudielka et al. 1989. J. Natl. Cancer Institute 81, 1598; 
Smillie et al. 11990. Immunol- Infect. Dis. 1, 13). 

In adddition to types 16, 18 and 42 further 
genotypes 6, li;, 31, 33, 35 and 39 which fall within the 
same sub group ; as types 16, 18 and 42 are infective for 
anogenital epithhelium (Gissraan Cancer Svirveys 3. 162-181 
(1984) 2ur Hauseen & Schneider The Papillomaviruses p245- 
253 Edited by fiHowley and Salzman New York Plenum Press 
15 (1987). The DNMAs of HPV types 16 and 18 are frequently 
found in genitaal tumours Durst et al J. Gen Virol. 66 
1515-1522 (1985);), Gissman et al PNAS 80, 560-553 (1983) 
supporting the concept that members of this sub group 
have an essentiaal role in the etiology of genital cancer 
20 (Syrjahen et eal British Journal of Obstetrics and 
Gynaecology 92 1086-1092 (1985). Integration of HPV16 
DNA into host ggenomes is frequently observed in cervical 
cancers with iinterruption of the E2 viral ORF, the 
protein product ; of which region transregulates early ORF 
transcription ffrom the p97 promoter and retention of 
intact E6 and E77 ORFs. 

Abundaant circumstantial evidence implicates 
host immune mecbhanisms in the control of HPV associated 
tumours of thee anogenital . epithelium (Singer et al 
30 British Medical Journal 288, 735-736 1984). There is an 
increased inciddence of pre-neoplastic (Prazer et al 
Lancet ii 657-6660 1986) and neoplastic associated lesions 
in homosexual! men immunosuppressed by human 
immunodeficiency^ virus infection and a markedly increased 
35 risk of sguamouas cell carcinoma (SCC) of the cervix and 
vulva but not off control organs such as. breast and rectum 
in immunosuppreessed allograft recipients (Shell and 
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In soDme cases the B epitope sequence may be 
linked directly r to the T helper epitope sequence and in 
such a case in ; a first situation the terminal amino acid 
of the B helper : epitope sequence and the first amino acid 
5 of the T epitopoe sequence may be merged. In other cases 
in a second situuation the last amino acid of the T helper 
epitope sequencce and the first amino acid of the B 
epitope sequencee may also be merged. In this embodiment 
therefore Bl reppresents a B epitope sequence which refers 
10 to the first arrrangement and B3 represents a B epitope 
sequence that represents the second arrangement. 
Examples of the : first and second situations are 

QAEPDRRAHYNI - A2 (10) ~ and 

Al - DDRAHYNIDGP (11). 

15 In foDrmulae (10) and (11) the amino acid D 

which corresponnds to aspartine represents the first 
situation and iin formula (11) the amino acid I which 
corresponds too isoleucine represents the second 
situation. 

An esppecially preferred peptide that may be 
used in the invesntion is the peptide QAEPDRAHYNI - A2 

The seequence DRAHYNI in accordance with the 
present inventioDn has been identified as corresponding to 
a major T helpeer cell epitope in the E7 open reading 
25 frame (ORF) of HHPVIS and HPV18. DRAHYNI corresponds to 
amino acids 48-544 of the E7 ORF. 

The abbovementioned peptides of the invention 
which may be fcormed synthetically may., form immunogens 
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capable of elicMti., stron, antibody response to HPV16 or 
HPV>S ch.n*en,.. T epitope ..y .aclMtate the 

. proauctlon o» antibody to several b epitopes 

simultaneously. 

5 The iinvention also includes within its scope a 

vaccine which includes one or .ore of the above.entioned 
peptides in commbination with a suitable adjuvant. For 
animals infecteed with HPV suitable adjuvants „.ay be 
selected fro.. Preunds Complete Adjuvant, Fxeunds 

0 incomplete Adjuuvant, QuilA and saponins generally. m 
relation to hu^aans it is preferred to utilise an adjuvant 
Which is coMpaatible with hu.ans and an appropriate 

adjuvant in thits reqard is TqpnMc fA 

xegara is ISCOMS (le aitimuno stimulating 

complexes) . 

The iinvention is significant because of its 

therapeutic valuue in 3-Pia-n,^r, *. . , 

an relation to cervical cancer which 

like AIDS has a. devastating effect on human lives. if a 
vaccine against these diseases could be developed, it is 
to the greatest t benefit of the mankind. Immunisation 
with attenuated , or killed viruses may have inherent risks 
associated with it. To reduce the risk one could use 
small peptides ccontaining the necessary B and T epitopes 
as vaccines. The. major advantages of peptide vaccines are 
(i) feasibility to obtain large quantities of relatively 
pure peptides byy automated chemical synthesis, (ii) the 
ability to taildor the peptide in such a way that the 
useful B epitopess could be incorporated in to the vaccine 
construct while c deleterious B epitopes could be left out. 
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(iii) If necesssary many artificial T-helper epitopes 
could be incorponrated in a mixed vaccine to help overcome 
MHC restriction iin an out bred population. 

It is 3 easy to induce antibodies against 
5 peptides using Fj'reund's adjuvant in animals provided the 
peptide concerneGd has a T-helper incorporated into its 
sequence. Howeveer one has to be able to use an adjuvant 
less harmful thann Freund's, but with equal efficacy when 
used on humans. Also ideally the adjuvant should be able 
10 to elicit CD8-t- MHC class I restricted cytotoxic T 
lymphocytes, whhen using peptides as immunogens. 
Immunostimulatingg complexes (ISCOMS) have the potential 
of satisfying bot:th the above conditions ISCOMS are stable 
molecular structuures, with a mean diameter of 35nm, in 
15 which ^-protein anttigens are incorporated into a matrix of 
cholesterol and ann adjuvant glycoside QuilA. 

In ordeer to incorporate a protein into ISGOMS 
the protein has t<to have a lipid binding region. Recently 
non lipid bindinng proteins were bound to ISCOMS by 
20 exposing hidden llipid binding regions of the proteins by 
changing the pH cor by coupling with a protein known to 
bind lipids. In these studies the researchers have used 
the whole length j proteins which may not be safe to use on 
humans and/or wbhich are hard to prepare to purity 
25 necessary for humman use. In this specification a method 
is described herreinafter of preparing vaccines using 
small synthetic peeptides of defined B and T cell epitopes 
coupled to a syntithetic lipid binding peptide, in mice. 
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Since many peptiides do not bind lipids on their own they 
could be .ade lipid binding by coupling to the lipid 

binding peptide LAP20 which, takes an amphipatic @ helical 

confirmation in the presence of lipid. 

5 

MATERIALS AND MEETHOns 
Synthetic Peptiddes . 

Peptiddes were synthesised using the 
simultaneous mmultiple peptide technique ■ • originally 
described by HHoughten (PNAS USA 82 5131-5135 1985) 
employing deriv^atised t-Boc amino acids on benzhydryl 
resin, or using r Fmoc chemistry on an Applied Biosystems 
431 A Peptide .'Synthesiser. Peptides were routinely 
analysed for homcogeneity by HPLC. Peptides less than 90% 
pure were puriffied. The amino acid composition of all 
peptides was chhecked, and peptide 8Q was amino acid 
sequenced. Dat^:a were confirmed using 2 or 3 separate 
syntheses of pepbtides and two different chemistries (Fmoc 
and t-Boc) to prreclude batch idiosyncrasy. All peptides 
were tested forr non-specific mitogenicity on unprimed 
lymph node cellls and for toxicity on tuberculin PPD- 
primed T-cells. stock solutions were made by dissolving 
peptides in tisssue culture medium at 5 mg. per ml. m 
some cases acettic acid to 5% was added to attain 
solution. 

HPV16 E7 protein ■!■ 

HPV16 : E7 protein was produced as MS2 fusion 
protein (FP) froom a heat inducible phage promoter in a 
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Assay for cytokrine production . 

The lymphokine ( interleukin-2 (IL-2) and 
interleukin-4) d dependent HT-2 cell line was maintained in 
vitro in RPMI itimedium supplemented with 10% fetal bovine 
5 serum and 10% i supernatant from the IL-2 producing cell 
line MLA 144. Omission of MLA supernatant resulted in 
cessation of cesll division within 18 hours, as measured 
by (%)-thymidinne incorporation, Supernatants from LNC 
proliferation asssays were harvested at 3 days and tested 
for induction oif proliferation of HT-2 cells (Ertl et al 
(1989) J. Virol.. 63, 2885-2892) which had been starved of 
MLA supernatant overnight and washed extensively in serum 
free medium. : 2xl03 HT-2 cells in 100 ul RPMI medium 
supplemented wiith 10% FCS were cultured in triplicate 
with 50ul of LNNC proliferation assay supernatant, which 
had been centriifuged to move residual lymph node cells. 
Proliferation waas measured 40-48 hours later by a 6 hour 
(^H) -thymidine puulse (0.5 uCi per well). 
Peptide Elisa asssav . 

Peptiddes 3Q, 6Q, 7Q and 8Q were conjugated to 
bovine serum albumin (BSA) using a single step 
glutaraldehyde mmethod as described (Avrameus 196 9-Immuno 
Chemistry 6, 43-^-47). Peptide-BSA conjugates were bound 
to microtitre plates by incubation at 50ug/ml in 
25 bicarbonate bindding buffer pH 9.6. Remaining binding 
sites on the microtitre plates were blocked with 
phosphate buff erred saline (PBS) containing 5% BSA prior 
to incubation wiith serum from mice immunised with various 
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pPLc 24 expresssion vector (provided by L. Gissmann) in 
E.coli 600/537. :.FP was partly purified from lysozyme- 
disirupted. bacteasria by Triton-X 100 and sequential urea 
extraction as ddescribed (Seedorf et al 1987 EMBO J. 6, 
5 139-144) . PPurification was monitored on PHAST 

(Pharmacia) SDSS-PAGE. Preparations containing 60-90% 
pure PP as judgged by appropriately sized major bands on 
gelSy were obtaiined as 8-10 M urea extracts. 
Lymph node cell (LNC) Proliferation assays . 
10 Mice wwere immunised subcutaneously in the base 

of the tail wiith 20-50 ug. of peptide emulsified in 
complete Freundds adjuvant (H37 Ra.CFA Difco Labs, 
Detroit) . Eighht to ten days later mice were killed, 
ingurinal and periaortic nodes were removed and a 
15 suspension of. llymph node cells prepared. Cells were 
plated in tripliicate at 4x10 Vo. 2 ml in flat bottomed 96 
well microtitre ] plates in Hepes buffered RPMI 1640 medium 
containing glutanmine, pyruvate, 2% heat inactivated mouse 
serum and 5x10")*^ M 2-mercaptoethanol, and antigen at 
20 various concentrrations. After 4 days, cells were pulsed 
with luCi of (¥h) -thymidine (5 Ci/mmol, Amersham, U.K.) 
and after a f further 18 hours, incorporated % was 
quantified by E-e-emission spectroscopy. 
Mice . 

25 In-breod mouse strains were obtained from 

University of Quueensland animal breeding facility or from 
animal Resourcess Inc. Perth, Western Australia. Mice 
were used at 8-244 weeks old. 
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peptide construacts, at a range of dilutions in PBS 
containing . 5% noon-fat milk powder, 0,1% BSA, 0,1% Tween- 
20, After apprcropriate washings^ horseradish peroxidase 
conjugated antii-mouse Ig, (Silenus Laboratories, 

5 Australia) and L 2 , 2^-azinobis ( 3-ethyl-benzthia2oline 
sulfonate) (ABTS) substrate were added. Optical density 
(O.D.) was quanttified on a Titertek multiscan microtitre 
plate reader (F?low Laboratories, Scotland) at 414 nm. 
HPV16 E7/MS FPP Elisa assays were conducted with 
10 modifications ass described (Tindle et al 1990 J. Gen 
Virol 21/ 1347-11354). All ELISA assay plates contained 
wells which weres concurrently incubated with a panel of 
monoclonal antiboodies 8F, 4F and 6D, specific for HPV16 
E7 linear epitoppes EYMLD, IDGP and QAEPD respectively 
15 (Tindie et al (1990) Peptide Res. 3,, 162-166), as 
positive and negaative controls. 
Peptide Immunisattion for antibody production . 

Mice wwere immunised 3 times intraperitoneally 
(ip,) with 20-500 ug of peptide emulsified in ^complete 
20 Freund's adjuvantt at 14 day intervals. Mice were bled 
from the retro-<-orbital plexus 8 days after the last 
injection, serum ; prepared, and ELISA was performed. 
Carrier Priming A&ssay . 

Mice C53-5 per group) were immunised ip. with 
25 20-50 ug. of pepttide 8Q or PBS emulsified in CFA, Three 
to five weeks Hater, mice were infected by tail base 
scarif action witth 10^ plaque forming units (pfu) of 
recombinant vacciinia virus containing the entire HPV16 E7 
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gene (VAC-E7) (Drs. A. Minson and J. Sterling, pers. 
cons. ) or 10^' pfu of wild-type vaccinia virus (WR-VAC) . 
7-8 days later,-, serum was prepared from each mouse, and 
anti-E7 antiboddies were determined by ELISA assay against 
5 peptide 8Q or HPV16 E7 FP bound to microti tre plates. 
Negative contrcols were mice immunised with irrelevant 
peptide (6Q), e and microtitre plates to which irrelevant 
peptides were boound. 
RESULTS 

10 Lymph Nod e Cell L Proliferation Assays . 

A seet of overlapping 15-20 mer peptides 
covering the esntire predicted HPV16 E7 protein (Figure 
lA) was used 1 to located T-prolif erative epitopes. 4 
groups of C57BlA/6{H-2'') mice were immunised with mixtures 
15 of peptides 2Q-J-5Q, 6Q-9Q or 10Q-12Q in CPA, or with RPMl 
in CPA. Pooleod LNC from each group were challenged in 
vitro with 2 cor 20 ug/ml of individual peptides and 
proliferation mmeasured as incorporation of radlolabelled 
thymidine. • The data shown in Figure IB are 

representative of 6 assays. Peptide 8Q consistently 
elicited strongg proliferation in LNC from the 6Q-9Q, 
immunised groupp (Figure IB.b). Peptide 7Q elicited a 
weaker response ■■ in this group. Peptides 8Q and 7 Q share 
a 12 amino acidd overlap at position 44-55. Weak and 
inconsistant reesponses were seen in LNC from 2Q-5Q 
immunised mice, when challenged with peptides 4Q and 5Q 
(3 out of 6 € experiments) Figure lB,a). No further 
peptides from thhe 2Q-12Q series induced proliferation in 
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assays using LNC from appropriately immunised 
B10.A(4R) (H-S*"^), , or .Balb/c mice (data not shown). 

In ordder to investigate the MHC restriction of 
the proliferativve response to 8Q, a series of congenic 
5 mice^ differing i only at the MHC class 2 locus, and other 
in-bred strains of MHC class 2 haplotype-def ined mice, 
were immunised wwith mixtures of peptides 8Q and 6Q and 
their LNC suhsegquently challenged in vitro with 8Q or 6Q 
(6Q was includded as an internal negative control). 
10 Immunised mice from all • congenic strains on a BIO 
background showwed strong proliferative responses to 
peptide 8Q, but not to control peptide 6Q, over 0.04-27 
ug/ml range (Figgure 2a) . In further experiments other 
immunised strainas S7R(I-A*I-E^) , S94 (I-A'I-E*'^^) , CjEd-A*'!- 
15 E*'), -'CBA(I-A*'I-EE'^) , DBAd-A'^I-E^) , Balb/c (I-A'*I-E'*) , 
C57B1/6{I-A^I-E*') and BLIO(I-A^I-E^) all showed 

proliferative ressponses to 8Q. These data indicate that 
the proliferativee response to peptide 8Q in previously 
primed mice is noot restricted through any of the 5 I-A or 
20 5 I-E alleles tessted. 

In ordder to define the minimal peptide which 
would induce proolif eration, LNC from 8Q immunised mice 
were challenged iin vitro with a series of C -terminal and 
-terminal trunccations of 8Q (Table 1). LNC stimulated 
25 with peptides B33, B4, 8Q and B7-10 inclusive showed 
significant proliif eratioii, indicating that the consensus 
sequence ^^DRAHYNII^^ was the minimal proliferative epitope. 
In a subseqRient € experiment, LNC from 8Q primed B10.A(2R) 
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and 29R mice, proliferated in response to the 7-iner 
peptide DRAHyuui though the stimulation indices were much 
lower (6,1 and. 5.1 respectively). 

The ability of peptide 8Q to prime for a 
5 response of LE.NC to in vitro challenge with HPV16 E7 
protein was ttested. The proliferation elicited by 
challenge of ILNC from peptide 8Q immunised mice with 
HPV16 E7 FP annd 8Q was of the same order of magnitude, 
provided ohalldenges were adjusted to be approximately 
equimolar for BBQ (Figure 2B). 

In aan experiment to test whether HPV16 E7 
protein would prime for peptide 8Q, LNC from mice 
immunised with\ HPV16 E7, but not 'sham' immunised mice 
proliferated wbhen challenged in vitro with 8Q (Figure 
15 2C). 

LNC from primedd mice p roduce interleukins when stimulaf,Bfi 
in vitro . 

Superrnatant fluid from 8Q and 7Q challenged, 
but not 6Q or ■ 9Q challenged, LNC from mice previously 

20 immunised with i a mixture of 6Q-9Q peptides, induced 
proliferation oDf the IL-2/IL-4 dependent cell-line HT-2, 
(Figure 2D). ; Supernatant s of LNC from mice immunised, 
and challenged j in vitro, with the other Q-series peptides 
failed to inducce proliferation of HT-2 cells (data not 

25 shown) . 

Havingg determined that peptide 8Q contained a 
T-epitope to which primed LNC would respond by 
proliferation annd cytokine production, we then undertook 
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a series of expoeriments to determine whether primed LNC 
would provide '^help' to B cells for the production of 
specific antibobdy to B cell epitopes of HPV16 E7 , 
Earlier work froom our laboratory has defined the location 
5 of 3 immunodominnant B-cell linear epitopes in the HPV16 
E7 proteiii, reccognised by murine monoclonal antibodies 
(Mabs) (Tindle efet al 1990. J. Gen. Virol, 1347-1354) . 

In initial experriments we exploited the fact that peptide 
8Q., in addition 1 to the T-epitope ^^DRAHYNI^^ defined above, 
10 also contained ann immunodominant B-epitope, *^QAEPD^^. 

Mice Immunised with 8Q pentide respond to in vivo 
challenge with rrecombinant vaccinia viirus containing the 
HPV16 E7 ORF gesne by production of antibody to the E7 
protein . 

15 The seura of mice immunised with 8Q and infected 

3k weeks later vwith recombinant vaccinia-E7 virus (VAC- 
E7) , but not wild-type virus (WR-VAC) , contained 
antibodies reactiive with 8Q (Figure 3B0 and with HPV16 E7 
(Figure *3A), bothh of which contains the QAEPD B-epitope, 

20 It iss therefore clear that a single 

immunisation witth 8Q peptide primed DRAHYl^I -reactive T- 
helper (Th) cellls and also B-cells which recognise the 
QAEPD-containing ■ peptide for su±>sec[uent challenge with 
whole eukaiyotic E7 protein is. processed in such a way as 

25 to stimulate priiLmed DRAHTNI -reactive Th-cells to provide 
help for B-celils producting antibody to the QAEPD- 
containing peptidde. 



wo 92/10513 



PCr/AU91/00575 



10 



15 



20 



25 



_iminunii 

DRAHYNI ^..^ o-eeuitouei s 1 r^-p udtti c HPV18 

antibodies whichh specif icallv rpm^n^ .se E7 ^T-n^... 

Sera from mice immunised with peptide 8Q 
reacted in ELIS5A assay with 8Q and 7 Q (Pig,,e 4A,B) and 
HPV16 E7 PP (5Pi,.,e 4D, but not control peptides 6Q 
(Figure 4C), orr 2Q, 4Q and lOQ (data not shown). These 
data suggested I that the serum antibodies ™ay have 
recognised the B-epitope QAEPD contained within 8Q, 7Q 
and HPV16 E7. In a further series of experiments, the 
sera from some, mice immunised with peptides B7 or B8 
reacted with 8Q , and 7Q, whereas sera from mice immunised 
with B16, B17, B19 or B3 did not (Table 2). The data 

indicated that iin order to el±c^+- an ^ 

w^u^sj. to e±xcit an antxbody response to 

peptides and HPVV16 E7 FP containing the B-epitope QAEPD, 
the immunogen was required to contain the T-epitope 
DRAHYNI in addittion to the sequence QAEPD. 

Purthe^r experiments were carried out to 
determine if tthe inclusion of T-epitope DRAHYNI in 
synthetic peptiddes used for immunisation would result in 
help being extennded to sequences containing B-epitopes 
other than QAEPPD. The sera of 3 mice inununised with 
peptide Bll all contained antibodies to B-epitopes EYMLD 
and QAEPD, andd reacted with HPV16 E7 (Table 2). 
Reactivity with HPV16 E7 could be absorbed out by pre- 
incubation Of thee sear with peptide 8Q (containing QAEPD) 
and 2Q (containiing EYMLD). The serum of one of these 
mice also contained antibodies to B-epitope IDGP. The 
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sera of mice iimmunised with 7Q contained antibody to 
QAEPD, but not IIDGP (Table 2). 

In ordrder to determine if the inclusion of 
. DRAHYNI in a s^ynthetic . peptide containing a B-epitope 
5 from the putatiive E7 protein of an HPV genotype other 
than HPV16 coultld drive the production of heterologous 
antibody, mice t were immunised with peptides GFll, .GF12 
and GF15 contaiining an immunodominant linear B-epitope 
DEIDGVWHQHL of HHPVIS E7 (Selvey et al 1990, J, Immunol. 
10 1A5 , 3105-3110),. Serum antibodies which recognised a 
peptide (GF13) ccontaining the B-epitope, and whole HPV18 
E7 were producdded in all 3 mice immunised with GF15, 
which contains iintact DRAHYNI, but not in mice immunised 
with GF12 or GFFll where the T-epitope is truncated or 
15 absent', GF15 immunised mice simultaneously produced 
antibody which i recognised the HPV15 E7 B-epitope QAEPD 
and the whole HPVV 16 E7 (Table 2), 

In midce immunised with synthetic peptides 
containing both T- and B-epitopes, and which produced 
20 antibody, presummably both sets of lymphocytes ie. The 
cells and antibcddy producing B-cells were primed. 
Immunisation witth T-epitope alone can prime for an 
antibody responsee . 

Kice iimmunised with peptide B3 (containing T- 
25 epitope DRAHYNI . but no B epitope) and challenged with 
peptide B7 (conntaining B-epitope AQEPD and T-epitope 
DRAHYNI) produceed antibody detectable at 5 days which 
recognised 8Q annd whole HPV16 E7 FP (Table 2). Mice 
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Challenged withh B3 did not produce antibody. Nor did 
mice which had Iheen immunised once. 
Day zero prolif e'erative assay 

PBMC were separated from 60ml of blood on 
5 Ficoll Hypaque c and washed three times in RPMl 1640. The 
cells were courtted and diluted to give 10« cells/ml 

- ?bO ;il'Sll?' vol ume '^""^'^"^ '''' ^^^^ 

human pool AB. m this experiment 150 M of cells at 10^ 

cells/ml were addded to the wells of a 96 well D bottomed 
plate as set ouut In Table 4. Cells were challenged in 
triplicate with i peptides 101-109 identified in Table 3. 
(Note that peptiide 106 corresponds to peptide 8Q) . Prom 
Table 4 it Willi be noted that the cells were challenged 
with 106 alone ^ and other peptides in groups of three at 
two CQncentratioons with and without PHA. Tetanus toxoid 
and media alonee wells were included as positive and 
negative controils respectively. The cells were then 
incubated 7 da?ys at 37»C with 5% CO^ and labelled 
overnight with 11 ^c/ml 3h thymidine. The cells were then 
harvested, driedd and counted and results recorded as 
counts/minute. The procedure, was also modified to 

challenge cells 3 in quadruplicate and at a peptide 
concentration ofif 5 and 15 ;zg/ml. The results are 
25 recorded in Tablee 5. 

Binding of pentiddes to ISCQMR 

Peptidees were synthesized using Fmoc chemistry 
on an Applied Biosystems 43 lA peptide synthesiser. 
Purity of the poeptides were checked by HPLC and amino 
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acid analysis annd found to be of greater than 90%. 

Peptiddes synthesised: BT5 (A peptide from HPV16 
E7 containing 1 the B epitope QAEPD and the T-helper 
epitope DRAHYNITVTFCCKCD) , QAEPDRAHYNIVTFCCKCD . LAP20 
5 (Th.e syntheetic lipid binding peptide)^ 
VSSLLSSLKEYWSSLKKESFS . 7Q (A peptide from HPV16 E7 
containing the B3 epitope QAEPD), EIDGPAGQAEPDRAHYNI . 
GFllO (A peptidee from HIV virus coupled to the HPV16 E7 
T-helper epitope DRAHYNIVTFCCKCD) , 

10 TRKSIRIQRGPDRAHTEUIVTFCCKCD 

Coupliing of peptides to the lipid binding 
peptide LAP20 (P€>ownall et al PNAS 72, 3154-3158-1980) was 
performed by the method of Avrameas (7), using 
glutaraldehyde . Briefly peptides concerned 2mg were 

15 dissoi'Ved in Sifiml PBS, 30ul of a 25% glut ar aldehyde 
solution was aadded, stirred for 2 hours at room 
temperature and i was kept at 4**C overnight. Then 1 ml IM 
glycine was addeed and stirred at room temperature for 2 
hours and dialj-ysed overnight at 4°C, using dialysis 
20 membranes with ai molecular weight cutoff of 6000. During 
the glutaraldehhyde treatment stage and during the 
dialysis stage formation of heavy precipitates were 
observed with alll peptides, except GF23. 

Amino acid analysis was performed on BT5 , 
25 LAP20, and BT5/rLAP20 complex to determine the ratio of 
BT5 to LAP20 in t the complex. 
Preparation of I£SCOMS 

The IISCOMS were prepared by the dialysis 
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procedure where3in briefly 2n.g phosphatidyl choline and 1 
mg cholesterol vwas dissolved in a few drops of chloroform 
and the solvent: removed under a stream of nitrogen. The 
dried lipid mixxture was dissolved in 3 ml Tris buffer 
5 (20mM Tris/HCll pH=7.8, 150mM NaCl containing l% 
octylglucoside. 2mg peptides in 2ml PBS and 4 ml of a 
10% guil-A solution in water was added to the lipid 
mixture and mix«ed for 1 hour at room temperature. The 
mixture was exteensively dialysed against PBS overnight at 
4°C. The precijpitate formed during dialysis was removed 
by low speed centrifugation. The supernatant was 
collected and thhe ISCOMS were separated from free peptide 
and Quil-A by liayering the supernatant on a 10% sucrose 
in PBS cusion annd allowing the ISCOMS to pellet through 
by centrifugatioon using a Beckmann TLA 100.3 rotor at 40 
000 rpm for 16 5 hours at 6»C. The ISCOM pellet was 
dissolved in PBS J. 

CBA m±ice 6 to 10 weeks old were used in 
immunisations. l Mice were injected subcutaneously at the 
base of the taiil with 20ug peptides coupled to ISCOMS, 
and as a posittive control lOOug peptide in Freund's 
complete adjuvannt. As a negative control 20ug of 
BT5/LAP20 in PBSS or BT5 with Quil-A and/or lipid was 
used. After 21 , days the mice were bled and boosted with 
another injectionn, and after a further 14 days they were 
bled again. The ■. antibodies were detected by ELISA plates 
prepared with pepptides themselves or recombinant proteins 
derived from MaS2 fusion proteins from E. coli or 
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recombinant baculdovirus infected Spodoptera cells. 
Monitoring of penttid e bindincf to ISCOMS 

At eachh stage of the preparation of ISCOMS, 
protein assays wesre performed using BCA protein assay kit 
5 (Pierce Chemical Co3 , and bovine serum albumin was used 
as the protein steandard. 
Discussion 

In thee present study we define a major 
proliferative T-eepitope "drahyni" in HPV16 E7, which 
stimulates the T-ecells of all strains of mice of defined 
haplotype which we have tested. DRAHYHI stimulates 
cytokine productiion in responding T cells, and when 
coupled to a homoilogous B-epitope and injected into mice, 
can elicit cognatte help for the production of specific 
15 antibody which reocognises native E7 protein. 

As the 5 2 overlapping peptides 7Q and 8Q 
stimulated prolifferation in primed T cells (Figure 1), 
sequences common to both are likely to be responsible. 
Proliferation exxperiments with c- and N-terminal 
truncations of ppeptide 8Q indicated that the sequence 
DRAHYWI was the ^minimal reactive epitope. Our data do 
not completely excclude the possibility that more than one 
distinct T cell siite may be-^ responsible for proliferation 
mediated by 7Q anod 8Q but we consider it unlikely, since 
the 7 N-terminal a amino acids of 7Q not shared with 8Q are 
all contained withhin peptide 6Q which does not contain a 
proliferative epittope. In many repeated experiments, the 
proliferative res.:sponse to 8Q was always an order of 
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the E7 molecule comprehensively, we cannot be entirely 
certain that othher T-cell sites have not been missed, 
particularly if rresidues distant from a putative epitopic 
site can influennce T-epitope recognition, DRAHYNI was 
5 not predicted by^ the DeLisi & Berzofsky (1985 PlilAS USA 
82 , 7048-7072) or>r Rothbard (above) T-epitope algorithms. 
The predicted seecondary structure of DRAHYNI is a turn or 
coil at its N-terrminal end; while tyrosine and asparagine 
are likely to j form part of a bata- strand extending 
C terminally. 

We havee demonstrated clearly that immunisation 
of mice with DRAAHYKI joined to a B-epitope will elicit 
antibody reactingg specifically with peptides containing 
the B-epitope andi with the whole E7 molecule - 

Furtherirmore, immunising mice with a peptide 
containing DRAHYNNI but no B-epitope elicited a secondary 
antibody responsee when mice were subseqixently challenged 
with DRAHYNI pluss B-epitope, suggesting that T-activation 
in the absence oof a B ceil response is sufficient to 
prime . 

For deve^eloping a peptide vaccine, the candidate 
should have the ■ capability to elicit in vivo a T cell 
response to the whole native molecule from which the 
peptide derives. We have. shown, that a single priming 
shot of a peptidde containing DRAHYNI and the QAEPD B- 
epitope will indduce immunological memory which can be 
recalled by in vivo subsequent infection with live 
vaccinia-E7 recombbinant virus containing the full length 
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E7 gene. TlThis latter observation indicates that 
eukaryotic wholde E7 may be processed and presented to the 
immune system . in a way that can be seen by antibody 
secreting B-ceells whose functional development has 
5 depended on coggnate help provided by Th cells stimulated 
by DRAHYNI. Whe relevance of the anti-peptide response 
to the recogniition of whole eukaryotic E7 protein is 
further indicatted by the observation that murine anti- 
QAEPD monoclonaal antibody recognises native HPV16 E7 in 
CaSki cells in i immunoprecipitation (Tindle et al 1990. 
Peptide Res. 3,. 162-166). In other virus infections the 
relevance of deefined Th and Tc epitopes for anti-viral 
protection in vi-ivo has been documented for viral proteins 
which like E7 , are not expressed on cell surfaces, eg 
15 influenza A viruus nucleoprotein (Townsend et al 1986 Cell. 
44' 959-968), cyytomegalovirus immediate early protein p89 
(del Val et al , J. virol 62, 3965-3972 1988), as well as 
those on the ccell surface which probably protect by 
inducing neutrallising antibodies. 

The exxperiments in which mice were immunised 
with DRAHYNI and B-epitopes linked in various 
conformations i indicated that DRAHYNI could provide 
cognate help to : more than one clone of antibody secreting 
B cells to prcoduce multiple antibodies of different 
25 specificities. it was not the purpose of these 

experiments to 1 test all permutations, but it was clear 
that the produaction of antibody occurred in several 
combinations of the position and orientation of the B- 
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epitopes with reespect to the T-epitope. Similar findings 
on epitope oriientation have been reported by others 
(Leverly et al CCell Immunol 125, 65-78 1990) (Good et al 
1987 Science 2335 , 1059 - 1062)., We have no data to 
5 indicate whether r DRAHYNI is the T-epitope responsible for 
providing help ; for B cells producing anti-QAEPD, anti- 
EYMLD and anti-I(EGP0 antibody in mice immunised with whole 
E7/MS2 FP (Tindlle et al 1990 Peptide Res. 3^, 162-166) 
where B- andi T-epitopes are in their natural 
10 configurations aas it does in experiments reported here in 
which the B- andd T-epitopes are closely linked. In this 
context it has bbeen reported that immunodominant Th sites 
are frequently rnear the B cell site (Manca et al 1985 
Eur. J. Immunol. .15, 345-350). 
15 * DRAHYNUI fulfils the criteria of an effective T- 

epitope vaccine j f or use in out -bred populations, of being 
recognised in association with many different MHC 
haplotypes. Itt joins a small number of stimulating 
peptides recentlly described which are recognised in 
20 association withti multiple MHC haplotypes (sinigaglia et 
al 1988) (Milichh et al 1988 Proc . Natl. Acad, Sci. USA 
85 , 1610-1614), (Nicholas et al 1988 J. Virol. 62., 4465- 
4473), (Herber-KfCatz et al 1988 J. Exp. med. 167 , 275- 
287), (Iiai et all 1987 J. Immunol- 13 9 , 3973-3980). While 
25 it is believed tthat rec[uirements for binding to MHC are 
less stringent thhan those for binding to TCT {Sette 1987) 
it is nonetheless surprising that DRAHYKI caused 
proliferation in,!/ and therefore presumably bound to, all 
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tested la haplcotypes. it has been suggested that widely 
reactive peptiddes are capable of forming a structure 
closer to an "ideal' T-epitope that can associate with 
many class la aalleles (Shrier et al 1989 J. Immunol. 142, 
5 1166-1176). Whhile introduction of strong heterologous T- 
epitopes into vvaccines has been advocated (eg hepatitis B 
virus core anttigen, (Stahl and Murray 1989 Proc. Katl . 
Acad. Sci. USJSA 86, 6283-6287)) ideally synthetic HPV 
vaccines would ] be composed of T and B cells sites derived 
from the same (organism so that latent and/or subsequent 
infections wouldd elicit a response from both populations 
of lymphocytes.. Such natural boosting is important if 
constant high levels of antibody are required for 
protection. A l response to an HPV encoded T-epitope is 
15 also critical iif antibody independent T-cell immunity is 
required for prcotection. 

Immuniisation of mice with whole HPV16 E7 
produced as aa recombinant fusion protein with MS2 
replicase in bbacteria, primed for subsequent in vitro 
20 challenge with i 8Q. The magnitude of the response, 
however, was cconsistently lower and less reproducible 
than priming wiith peptide. Why whole E7 protein primes 
for 8Q peptide less well than 8Q primes for 8Q was not 
addressed in • this study but presumably relates to 
processing and presentation of fragments of the priming 
antigen to the iimmune system. 

A vacccine for prophylactic and therapeutic use 
to eradicate HPV infection is desirable, since 
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destructive elimmination of all virus infection does not 
appear technicallly feasible and no specific anti-viral 
agent is availahble. 'Attenuated' HPV alone is unlikely 
to prove sucessfful as a potential vaccine because of its 
5 extremely restriicted host cell range and its constitutive 
lack of infectiv.vity. Furthermore, the use of live HPV to 
vaccinate is outt of the question because of the inherent 
risk that putatilve HPV oncogenes will integrate into host 
cell DNA. In anny case, this approach is precluded since 
there is no tisssue culture or animal system for producing 
large amounts o££ whole HPV. The development of a peptide 
vaccine reguiress the delineation of B- and T-epitopes 
within ORF pepttides recognised by the host's immiine 
system, and tthe interaction between the epitope 
responsive cellis resulting in specific antibody and 
cytotoxic effecttors. Our group has recently defined 
immunodominant PB-epitopes in HPV 16 E7 and HPV18 E7 
peptides (Tindle j et al 1990 J. Gen. Virol. 71, 1347-1354, 
Tindle et al 19990 Peptide Res. 3., 162-166, Selvey et al 
20 1990 J. Immunol. , 145 , 3105-3110). 

T-epitcope DRAHYNI was identified initially by 
priming mice in vivo with mixtures of overlapping 11-20 
mer peptides sppanning the entire putative HPV16 E7 
protein as trans slated from DNA (Seedorf et al 1985) and 
challenging cellis from draining lymph nodes in vitro with' 
individual peptiides. Studies with other viruses have 
shown convincing:?ly that T-epitopes relevant to infection 
with native viruus can be defined by synthetic peptides 
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using a similaiir strategy (Gao et al 1989 J, Immunol. 143, 
3009-3014), (aTownsend et al 1986 Cell 44, 959-968), 
Nicholas et all 1989 J. Immunol. 143, 2790-2796), Van de 
Zee et al 1989)i). 

5 To tthe best of our knowledge the studies 

reported here describe the first functional T-helper 
epitope withinn the ORF proteins of anogenital HPVs. 
Basic immunoloogical studies such as those reported here 
and our previouus study (Tindle et al Peptide Research 3, 
162-166 1990) , are required to lay the foundation of al 
informed vacciine strategy. DRAHYNI is a Th cell 
stimulating eppitope which can be used for eliciting 
cognate interacction between T- and B- lymphocytes for the 
production of .-antibody against whole E7 protein. Using 
these -.:riteria DRAHYNI is suitable for inclusion into a 
synthetic subunnit vaccine for anogenital HPV. 

The experiments discussed above were all 
applied to mitice. it is now evident from other 

experiments (iee. the DAY ZERO PROLIFERATIVE ASSAY) that 
have taken placce that peptides containing the DRAHYNI T- 
epitope elicitt proliferation i„ human subjects of 
haplotypes DR3 3, DRW8 and DR2, DRW12. The precise 
restriction eleement has as yet not been mapped but it is 
significant thafet DR2 covers 26% and DR3 covers 21% of the 
caucasoid populiation. While in man the epitope therefore 
shows greater irestriction than in mouse it would still 
seem to be wideily applicable. 

It Willi be appreciated from the foregoing that 
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tlie peptides oof the invention can be made synthetically 
using standardd techniques well known to the skilled 
chemist. Howwever it should be emphasised that the 
peptides of tthe invention can also be produced by 
5 recombinant DNNA methods as will also be. known to the 
skilled addresssee. 
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TABLE 1 

Mappi.nq fee mtoijnal T-proljL±e6rative epitope in the 8Q peDtic3e of 
HPV16 E7 



OiaUerge PentldLde 



Desianatijm 



Position 



Seauence 



Stiinulatioa Inc3ex^ 



B6 
B16 
B17 
B7 
BIO 
B8 
^B9 
Bl 
B2 
B14 
B15 
B3 
B4 
80 



44-50 
44-51 
44-52 
44-54 
44-56 
44-57 

44- 60 
54-62 
51-62 
50-62 
49-62 
48-62 

45- 62 
44-62 



QAEPDRA 

QAEHDRAH 

QAEFDRAHy 



I T 

QAEH3RAffi£N13VTPOCK 



ivrpoaoo) 

HmrVTFOCKCD 
RAHYNIVTXJLKLD 



I 1 

AEH3RAKYNI Vi ' b ULKUJ 



1-3 
1.0 
1,1 



18-1 
23.8 
27.4 
37.2 



1.7 
2.6 
0-9 
0.7 



29.8 
25-2 
31.7 
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TABLE 3 

STRUUCTURE OF PEPTIDES GFlOl - GF109 



GFlOl 

MHGDTPTLHEYMLDLtiQPE 1 8AA 

Y 

GF102 

HE YMLDLQPETTDLYffCYE 1 8AA 

Y Y 

GF103 

PETTDLYCYEQLNDSSSEEEDE 2 lAA 

Y b. 

GF104 

YEQLNDSSEEEDEIDOGPAG 1 9AA 

b 

GF105 

EIDGPAGQAEPDRAHHYNI 18AA 
GF106 

GQAEPDRAHYNIVTFFCCKCD 20AA 
GF107 

I vtfcckcdstlrlct:vqst l 9AA 

GF108 

DSTLRLCVQSTHVDIIRTLE 19AA 
GF109 

THVDIRTLEDLLMGTIPLGIVCPICSQK 26AA 



Net Charcre 
2- 



8- 



2- 



1 + 
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TABLE 4 



CONCENTRATIONS 

Cells challengeed 
with 



106/8Q 


2 //g/ml 


20 /ig/ml 


20 /^g/ml 
+ PHA 


PHA 
alone 


Controls 


Te'et Tox 
poositive 


Media 
negative 


media 
negativ 




101-103 


2 /ig/ml 


20 Atg/ml 


20/zg/ml 
+ PHA 




104-106 


II 


It 


n 




107-109 


It 


n 


II 
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TABLE 5 

STIMULATiaON INDICED PRODUCED BY CELLS REPEATEDLY 
STIMULAATED WITH VARIOUS PEPTIDE COMBINATIONS 



Subject 


Peptidde 
Groups 3 
101-1033 


104-106 


107-109 


106 


Control 
Positive 
Final 
Stimula- 
tion with 
PHA 


NOELA DAY 
0 

DR3 20 
DRll 27 


4.8 


4.1 


- 


- 


11.0 
252. 1 
67.5 


IAN DAY 
DR4 0 
DR7 20 
27 


3.6 


3.7 


- 


- 


62.2 
180.2 
10.4 


JOE DAY 
0 

DR2 20 
DRW12 27 


3. 13 I 


2. 1 
8.1 


556.2 


2,1 


2.0 
251.6 
475.7 


JULIA DAY 
0 

DRl 20 
DR4 . 27 


2.9 
2.2 




2.26 
10.6 


- 


1.94 
229.3 
193. 1 


CHEONG 

0 

DR2 20 
DRW9 NA 


2.1 








32.5 
671,9 
165.9 


DAVIDSON 
0 

DR3 20 
DRW8 NA 


* * * 
5.9/4.44 

2.0 


7.1/5,3 


4.3/2.8 


2.8/2.4 
2,6 *** 


20.9 
31.4 
4.3 


TREVOR 

0 

DR4 20 
DRW6 2 7 






19.9 




222. 8 


BRAD 

0 

DR3 20 
DRW6 2 7 










151.8 
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Table 6 



ISpTd^BTS ^"^'^"^'S^" "^^''^^^ ^y^*®"^ immune response to the 



Delivery 
system* 



Antigen## ug peptide 



CFA BT5 .100 

ISCOM BT5/LAPP20 -20 

ISCOM BT5 20 

Saline BT3/IJ\PP20 20 



7Q 



Number of mice with measureable 
antibody to 

16E7/MS2 18E7/MS2 



2/2 


2/2 


0/2 


2/3 


2/3 


0/3 


0/2 


0/2 


0/2 


0/4 


ND 


ND 



• Mice immunized on < day 0 and day 21, and bled on dav 35 

# See methods ^ 

No antibodies were deleXected in the first bleed which was done on day 21. 
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Table 7 



Total protein at each i step 

1) . After glutaraldehydrde 
treatment and dialyjysis 

2) . After ISCOM pfepp. and 
dialysis, and remova^al 

of the precipitate 

3) . After uHracentrfuga/ation to 
to remove unbound j peptide 
from ISCOMs 



Peptide used which is treated with glutaraldehyde 
BT5/LAP20 BT5 GF23/U\P20 GF23 



eooug 

334ug 



600ug125ug 125ug 



145ug 56ug 
(164ug) 



15.6ug 9.9ug 15ug 



36ug 
(153ug) 



16ug 
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Legend 
Figure 1 

5 

A. The seet of overlapping peptides (termed 2Q-12Q) 

spanning the puutative HPV16 E7 protein, used to locate 
the position c of T-proliferative epitopes (see text). 
Linear B-epitopoes defined by monoclonal antibodies 8F, 4F 
10 and lOF (Tindlle et al 1990) are boxed. Underlining 
denotes the possiticns of putative T-epitopes as predicted 
hy Rothbard (rj:) and DeLisi & Berzofsky (b) algorithms 
respectively. 

15 B. Lymph I Node Cell (LNC) proliferation assay. LUC 

from C57B1/6 miice immunised with equimolar mixes in CFA 
of (panel a) pepptides 2Q--5Q inclusive, (panel b) peptides 
6Q-9Q inclusive s and (panel c) peptides 10Q-12Q inclusive 
(3 mice per grooup^ cells pooled) vere challenged in vitro 

20 with 20 ug/ml oor 2 ug/ml of individual peptides 2Q-12Q. 

Background (no added Ag.) was 845 _+ 90 cpm for 23Q-5Q 
immunised mice, . 1277 +_ 330 cpm for 6Q-9Q mice, and 1190 ± 
312 for lOQ - • 12Q mice, and was subtracted from the 
results with peeptide. Results are shown as arithmetic 

25 mean of triplidcate wells. A positive control of PFD 
challenged LNC ggave 168, 849 ± 8,346 cpm. 
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10 



20 



25 



Legend 



Figure 2 



The in vitro , proliferative response (panels A-C) and 
lymphokine prroduction (panel D) of LNC from mice 
immunised 8 daays previously with HPV16 E7 or E7 peptides, 
and challenged! with HPV15 E7 or various E7 peptides. 

^- .-from congenic mice (3 mice per group, cells 

pooled) immuniised with an equimolar mix of peptides 8Q 
and 6Q were chhallenged with various concentrations of 8Q 
(open symbols) I or 6Q (closed symbols). 
15 , B10.D2 (I-AV'-Ed); , BIO.A (I-A«I-E'); , BIO. BR (I-a"!- 
E»); 

, BIO.A (2RR) d-Al'I-E"); ,B10.A (4R) ( I-A^I-E") . 
Background cpmm (no added antigen) and PPD response were 
2,638 and 88,1105 for B10.D2; 7,854 and 75,061 for BIO.A; 
2.600 and 93,5503 for BIO. BR; 1,091 and 88,721 for BIO.A 
(2R); and 2,6000 and 93,376 for B10.A(4R). No response to 
peptide 8Q wass seen in ' sham' -immunised mice (RPMI plus 
adjuvant) exceept in BIO.A and B10.A9 (2R) mice which 
recorded 15,4337 and 18,972 cpm. and 5,623 and 8,747 cpm 
at 8Q peptidde concentrations of 9 and 27 ug/ml 
respectively. 

^- -from 8Q or ' sham' -immunised B10A(2R) mice 
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(5 per group) were challenged wi±h 16 or 64 ug/ml of 
HPV16 E7 FP, oi>r 2 or 8 ug/ml of 8Q. The HPV16 E7 and 8Q 
challenge dosess were approximately eguimolar for the 8Q 
sequence. Backkground controls (no added antigen) and PPD 
5 controls were 11269 cpm and 98,775 cpm. respectively. 

C. B10.AA (2R) mice were immunised with 100 ug 
HPV16 E7 FP orr RPMI ('sham') (5 mice per group) and LNC 
were challengeed with 0.1, 1.0 and 10 ug/ml of 8Q. 

10 Background conttrols (no added Ag) and PPD controls were 
361 cpm. and (68,872 cpm. respectively for HPV16 E7 FP 
immunised mice.. 

D. 4 Grcoups of 3 B10.A(4R) mice were immunised 
15 with 50 ug of ( equimolar mixtures of peptides 2Q-5Q inc., 

6Q-9Q inc., 100Q-12Q inc. or PBS in CPA ('sham'). LNC 
from each groupp were pooled and challenged with each of 
the peptides att 67 and 6.7 ug/ml individually in separate 
wells (3 wells 3 per concentration per peptide). Culture 

20 supernatants weere harvested 3 days later and added at 1:2 
dilution to KT-:-2 cells. The HT-2 cells were pulsed 42-44 
h. later for • 6 h. with ^H-thymidine , harvested and 
counted. For c clarity, only data on LNC from mice primed 
with peptide miiixture 6Q-9Q and challenged with 6Q, 7Q, 8Q 

25 and 9Q are shoT^wn. (Data now shown: Supernatants of LNCs 
from mice prrimed with 2Q-5Q,. 10Q-12Q or PBS and 
challenged withh each of the peptides individually failed 
to stimulate HOT-2 cell division). Background, with RPMI 
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added to HT-2 (cells in place of supernatants was 1,870 ± 
720 cpm. 



r 
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Legend 
Figiire 3 . 

5 

Immunisation with peptide .8Q primed mice for in vivo 
challenge withh HPV16 E7 produced from a recombinant 
vaccinia virus.;. 

10 Five groups off 6 mice were immunised with 50-100 ug of 
equimolar mixttures of peptides 2Q-5Q inc., 6Q-9Q inc., 
10Q-12Q inc., . or 8Q alone, or PBS in CPA ('sham')- 3% 
weeks later, each group was divided; 3 mice were 
challenged withh VAC-E7, the other 3 with WR-VAC. Sera 

15 were collectedd after a further 8 and 13 days, and 
antibody to HPVV16.E7 FP and peptides 8Q (containing QAEPD 
B-epi tope ) , 2 2Q ( containing . EYMLD B-epitope ) , 6Q 
(containing IDDGP B-epitope) or 12Q (containing no B- 
epitope) was aassessed by ELISA. For clarity, only ELISA 

20 results on poooled 8 day sera from 8Q primed mice {0,f) 
and 'sham' prilmed mice (V, ) challenged with VAC-E7 (0, 
), or WR-VAC 1(0, ), on (panel A) HPV16 E7 PP, or (panel 
B) peptide 8Q ; are shown. (Data not shown: Sera from 8Q 
primed mice cbhallenged with VAC E7 or WR-VAC did not 

25 react with 2Q, 6Q or 12Q peptides. Sera from mice primed 
with 2Q-5Q, orr 10-12Q and challenged with VAC E7 or WR- 
VAC did not reaact with peptides 2Q, 6Q, 8Q or 12Q. or with 
HPV16 E7 FP. Sera from mice immunised with 6Q-9Q and 
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infected witkh VAC-E7 or WR-VAC showed a reactivity 
pattern identtical to mice immunised with 8Q alone. 
Results on 13 3 day sera were similar to those shown for 8 
day sera). 

5 
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Legend 
5 Figure 4. 

Sera from BIO.. .A (2R} mice immunised with peptide 8Q (0) 
or control pepptide 3Q ( ) in CPA were assayed' by ELISA 
for antibody tto (panel A) peptide 8Q, (panel B) peptide 

10 7Qr (panel C) peptide 6Q, (panel D) HPV16 E7 PP. Data 
points are arrithmetic means (± standard deviation) of 
sera collectedd individually from 3 mice. (Data not 
shown: For pannels A-C fruther negative controls were 1) 
lack of reactilvity of sera from mice immunised with 2Q, 

15 4QylOQ and PBSS on plates coated with 8Q and 7Q, 2) the 
lack of reacti\.vity of sera from micr immunised with 8Q on 
plates coated ^with peptides 2Q, 4Q and lOQ. For panel D, 
a further negattive control was the lack of reactivity of 
sera from micee immunised with 8Q on plates coated with 

20 HPV16 E6 FP) . 
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Legend 



Table 1. 

5 

1- Lympph node cells from B10.A(2R) mice immunised 

with peptide 86Q (3 mice, cells pooled) were challenged in 
vitro with ppeptides as indicated. The cells were 
cultured for ^4 days and proliferation measured by ('h]- 
10 thymidine inccorporation. The data in this table were 
pooled from 4 experiments and proliferation is expressed 
as a stimullation index to normalise for inter- 
experimental • variation. The stimulation index was 
defined as thes ratio of mean cpm of test wells with added 
antigen, to tthe mean cpm of test wells with no added 
antigen. Bacikground cpm (no added Ag) was within the 
range 3807-54223. 



15 



SUBSTITUTE SHEET 



wo 92/10513 



PCr/AU91/00575 



48 

Legend 
Table 2 . 

5 

1. Serai from individual mice (at least 3 per 

group) immunissed with the various peptide constructs, 
were reacted cover a range of doubling dilutions 1:64 - 
1:40976 with microtitlre plates to which were bound 
10 peptides 8Q, IQQ, 6Q, 2Q, 3Q, 12Q or GF13, and HPV16 E7 or 
HPV18 E7, in ELISA assay. indicates no antibody 

detected by ^^4114 readings or >1 and <0. 1 respectively at 
a serum dilutioon of 1:512 for peptides and by readings of 
>0.5 and <0,1 . respectively at a serum dilution of 1:256 
15 for E7 FP. 

2. Sequeences QAEPF, IDGP and EYMLD are 

immunodominant linear B-epitopes in HPV16 E7 proteins 
(Tiiidle et all 1990), Sequence DEIDGVNHQHL is an 
20 immunodominant B-epitopic region in HPV18 E7 (Selvey et 
al 1990 J. Immmunol. 145 , 3105-3110). B-epitopes are 

indicated in tfche peptide sequences by , T- 

epitope DRAHYNII by . 

25 3 . SequeEnces in parentheses indicate B-epitopes 

which the peptidLdes contain. 

4. None of the sera reactive with HPV16 E7 FP 
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reacted with HHPV16 E6 FP (negative control). 

^- Micee were immunised 2-3x ip with 50 ug peptide 

B3 in CFA a^t 2 week intervals followed by a final 
injection of : peptide B16. Sera were prepared 3 and 5 
days later. 

The full sequence of GF13 is RAHYNI DEIDGVNHgHL . 



6. 
10 
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CLAIMS: 

1. A peeptide including the sequence DBAHYNI and 
structural hoiomologues thereof vhich concern a single 
amino acid subbstitution which peptide is linked directly 

5 or indirectly to one or more amino acid sequences which 
correspond to £a B epitope of HPV16 or HPV18, 

2. A peisptide as claimed in claim 1^ wherein the 
structural hoomologue is a terminal amino acid 
substitution ir.nvolving D or I. 

10 3. A pepptide including the sequence DRAHYNI linked 

directly or : indirectly to one or more amino acid 
sequences whicbh correspond to a B epitope of HPV16 or 
HPV18. 

4. A pepptide as claimed in claim 1 wherein the B 
15 epitopes from FHPV15 E7 ORF are selected from QAEPD, IDGP, 

EYMLD or YMLD. 

5. A pepptide as claimed in claim 1 wherein the B 
epitopes from : HPV18 E7 ORF are selected from DEIDGVNHQL 
and SEENED. 

20 6. A pepptide as claimed in claim 1 selected from 

the following 



Bl - 


Al " DRAHYWI 


- A2 


B2 - 


DRAHYNI - B3 




Bl - 


Al - DRAHYKI 


- A2 - B4 


B2 - 


DRAHYNI - A2 




Al - 


DRAHYNI - A2 




Al - 


DRAHYNI - A2 


- B4 


Bl - 


Al - B4 - Al 


- DRAHYNI 
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Bl ■ - Al - B4 - DRAHYNI - B3 - A2 - B5 
Bl ■ - Al - B4 - B2 - DRAHYNI - A2 
wherein Bl, BB4 and B5 represent B epitope sequences that 
may be linkedd to DRAHYNI indirectly through intervening 
5 sequences off amino acids which are not B epitopes 
represented hby Al and A2 and B2 and B3 represent B 
epitope sequeences linked directly to DRAHYNI including a 
first situatidon wherein the terminal amino acid of the B 
epitope sequeence and the first amino acid of the DRAHYNI 
10 sequence are merged and a second situation wherein the 
last amino aacid of the DRAHYNI sequence and the first 
amino acid of; the B epitope sequence are also merged. 
7- A ppeptide as claimed in claim 6 having the 

sequence QAEPPDRAHYNI - A2. 
15 8. A ppeptide as claimed in claim 6 having the 

sequence Al - • DRAHYNIDGP, 

5- A peptide having the sequence 

AQEFDRAHYNI VTPPCCKD , 

10. A poeptide having the sequence QAEPDRAHYNI . 

20 11. A peeptide having the sequence QAEPDRAHYNIVTF . 

12. A peptide having the sequence 
EIDGPAGQAEPDRAAHYNIT . 

13. A peptide having the sequence 
QAEPDRAHYNI DEIIDGVNHQL . 

25 14. A ssubunit HPV vaccine including as a major 

antigenic commponent a peptide including the sequence 
DRAHYNI and I structural homologues thereof which 
homologues conncern a single amino acid substitution which 
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peptide is linnked directly or indirectly to one or more 
amino acid seqquences which correspond to a B epitope of 
HPV16 or HPV18J. 

15. A suubunit HPV vaccine as claimed in claim 14 
5 wherein the strructural homologue is a terminal amino acid 

substitution innvolviiig D or I . 

16. A suubunit HPV vaccine including as a major 
antigenic compponent a peptide including the sequence 
DRAHYNI and structural homologues thereof which 

10 homologues conacern a single amino acid substitution which 
peptide is linnked directly or indirectly to one or more 
amino acid seqquences which correspond to a B epitope of - 
HPV16 or HPV18.!. 

17- A sulibunit HPV vaccine as claimed in claim 14 

15 wherein the B i epitopes from HPV16 E7 ORF are selected 
from QAEPD, IDGGP, EYMLD of YMLD. 

18. A sulibunit HPV vaccine as claimed in claim 14 

wherein the B t epitopes from HPV18 E7 ORF are selected 
from DEIDGVNHQIjL and SEENED. 
20 19. A sulibunit HPV vaccines as claimed in claim 14 

wherein the pepptide is as defined in claim 4. 

20. A suhbunit HPV vaccine as claimed in claim 14 
wherein the pepptide has the sequence QAEPDRAHYNI - A2. 

21. A suhbunit HPV vaccine as claimed in claim 14 
25 wherein the pepptide has the sequence Al-DRAHNIDGP . 

22. A suhbunit HPV vaccine as claimed in claim 14 
wherein the pepptide has the sequence QAEPDRAHYNIVTFCCKD . 

23. A suhbunit HPV vaccine as claimed in claim 14 



SUBSTITUTE SHEET 



wo 92/10513 PCr/AU91/00575 

53 

wherein the pepptide has the sequence QAEPDRAHYNI. 

24. A saubunit HPV vaccine as claimed in claim 14 
wherein the pepptide has the sequence QAEPDRAHYNIVTF , 

25. A suiibunit . HPV vaccine as claimed in claim 14 
5 wherein the pepptide has the sequence EIDGPAGQAEPDRAHYNIT. 

26- A suhbunit HPV vaccine as claimed in claim 14 

wherein thhe peptide has the sequence 
QAKPDRAHNYIDEIDDGVNHQL . 

27. A suhbunit HPV vaccine as claimed in claim 14 
10 further incluciding as an adjuvant ISCOMS which is 

chemically comhbined to the peptide. 

28. A suubunit HPV vaccine including as a major 
antigenic compponent a peptide which has the sequence 
DRAHYNI . 

15 
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AME7IDED CLAIMS 

[received by theB International Bureau on 11 May 1992 (11.05.92); 
original claims ; 1-28 replaced by amended claims 1-29 (4 pages)] 

1. A pepptide Including the sequence DRAHYNI and 
structural homoologues thereof which concern a single 
amino acid subsBtitution which peptide is linked directly 

5 or indirectly tto one or more amino acid sequences which 
correspond to a l B epitope of HPV16 or HPV18. 

2. A pepptide as claimed in claim 1, wherein the 
structural horomologue is a terminal amino acid 
substitution in\ivolving D or I. 

10 3. A pepttide including the sequence DRAHYNI linked 

directly or iindirectly to one • or more amino acid 
sequences whichh correspond to a B epitope of HPV16 or 
HPV18. 

4. A pepttide as claimed in claim 1 wherein the B 
15 epitopes from HHPV15 E7 ORF are selected from QAEPD, IDGP, 

EYMLD or YMLD. 

5 , A pepttide as claimed in claim 1 wherein the B 
epitopes from HHPV18 E7 ORF are selected from DEIDGVNHQL 
and SEENED. 

20 6. A pepttide as claimed in claim 1 selected from 

the following 

Bl - ^Al - DRAHYNI - A2 

B2 - E DRAHYNI - B3 

Bl - J.Al - DRAHYNI - A2 - B4 
25 B2 - E DRAHYNI - A2 

Al - E DRAHYNI - A2 

Al - E DRAHYNI - A2 - B4 

Bl - ;.A1 - B4 - Al - DRAHYNI - A2 
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Bl - • Al - B4 - DRAHYNI - B3 - A2 - B5 
Bl - • Al - B4 - B2 " DRAHYNI - A2 
wherein Bl, B4 4 and B5 represent B epitope sequences that 
may be linked . to DRAHYNI indirectly through intervening 
5 sequences of amino acids which are not B epitopes 
represented byy Al and A2 and B2 and B3 represent B 
epitope secuenoces linked directly to DRAHYNI including a 
first situatioDn wherein the terminal amino acid of the B 
epitope sequenace and the first amino acid of the DRAHYNI 

10 sequence are mmerged and a second situation wherein the 
last amino aciid of the DRAHYNI sequence and the first 
amino acid of tthe B epitope sequence are also merged. 
7. A peeptide as claimed in claim. 6 having the 

sequence QAEPDRRAHYNI - A2. 

15 8. A peeptide as claimed in claim 6 having the 

sequence Al - DDRAHYNIDGP. 

9- A peptide having the sequence 

AQEPDRAHYNIVTFCCCKD . 

10, A pepptide having the sequence QAEPDRAHYNI. 

20 11, A pepptide having the sequence QAEPDRAHYNIVTF . 

12. A peptide having the sequence 
EIDGPAGQAEPDRAHHYNIT . 

13. A peptide having the sequence 
QAEPDRAHYNI DE I DDGVNHQL . 

25 14. A suuhunit HPV vaccine including as a major 

antigenic compponent a peptide including the sequence 
DRAHYNI and structural homologues thereof which 
homologues conccern a single amino acid substitution which 
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peptide is linkked directly or indirectly to one or more 
amino acid seqijuences which correspond to a B epitope of 
HPV16 or HPV18. . 

15, A Buhhunit HPV vaccine as claimed in claim 14 
5 wherein the stinnictural homologue is a terminal amino acid 

substitution in-nvolving D or !• 

16. A suhbunit HPV vaccine as claimed in claim 14 
wherein the B epitopes from HPV16 E7 ORF are selected 
from QAEPD, IDGBP, EYMLD or YMLD. 

10 17. A subbunit HPV vaccine as claimed in claim 14 

wherein the B epitopes from HPV18 E7 ORF are selected 
from DEIDGVWHQLj and SEENED. 

18. A subbunit HPV vaccines as claimed in claim 14 

wherein the pepttide is as defined in claim 4. 
15 19. A subbunit HPV vaccine as claimed in claim 14 

wherein the pepttide has the sequence QAEPDRAHYNI - A2. 

20. A subbunit HPV vaccine as claimed in claim 14 
wherein the pepttide has the sequence Al-DRAHNIDGP. 

21. A subbunit HPV vaccine as claimed in claim 14 
20 wherein the pepttide has the sequence QAEPDRAHYNIVTFCCKD . 

22. A subbunit HPV vaccine as claimed in claim 14 
wherein the pepttide has the sequence QAEPDRAHYNI. 

23. A subbunit HPV vaccine as claimed in claim 14 
wherein the pepttide has the sequence QAEPDRAHYNIVTF . 

25 24. A subbunit HPV vaccine as claimed in claim 14 

wherein the pepttide has the sequence EIDGPAGQAEPDRAHTNIT. 
25. A subbunit HPV vaccine as claimed in claim 14 

wherein thee peptide has the sequence 



wo 92/10513 



57 



PCr/AU91/00575 



QAEPDRAHNYIDEIEDGVNHQL • 

^ suubunit HPV vaccine as claimed in claim 14 
further incluuding as an adjuvant ISCOMS which is 
chemically comlnbined to the peptide. 

^■7. A suubunit HPV vaccine including as a major 

antigenic compponent a peptide which has the sequence 
DRAHYNI . 

^ pepptide including the sequence DRAHYNI which 
is the minimmal T helper cell proliferative epitope 
corresponding 1 to residues 48-54 of the HPV16 E7 ORF which 
is linked to one or more amino acid sequences which 
correspond to aa B epitope of HPV 16 or HPV 18 E7 ORF. 
29- A suubunit HPV . vaccine including as a major 

antigenic compoonent the peptide of claim 29. 
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